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Autophagy is a bulk degradation system that functions in response to cellular stresses such as metabolic
stress, endoplasmic reticulum stress, oxidative stress, and developmental processes. During autophagy,
cytoplasmic components are captured in double-membrane vesicles called autophagosomes. The auto-
phagosome fuses with the lysosome, producing a vacuole known as an autolysosome. The cellular
components are degraded by lysosomal proteases and recycled. Autophagy is important for maintaining
cellular homeostasis, and the process is evolutionarily conserved. Kibra is an upstream regulator of the
hippo signaling pathway, which controls organ size by affecting cell growth, proliferation, and apoptosis.
Kibra is mainly localized in the apical membrane domain of epithelial cells and acts as a scaffold protein.
We found that Kibra is required for autophagy to function properly. The absence of Kibra caused defects
in the formation of autophagic vesicles and autophagic degradation. We also found that the well-known
cell polarity protein aPKC interacts with Kibra, and its activity affects autophagy upstream of Kibra.
Constitutively active aPKC decreased autophagic vesicle formation and autophagic degradation. We
conﬁrmed the interaction between aPKC and Kibra in S2 cells and Drosophila larva. Taken together, our
data suggest that Kibra and aPKC are essential for regulating starvation-induced autophagy.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
Autophagy is a membrane trafﬁcking process that sequesters
cytoplasmic components and then degrades themvia the lysosome.
During autophagy, cytoplasmic components are captured in
double-membrane vesicles called autophagosomes, which fuse
with the lysosome to produce a vacuole called an autolysosome.
The cellular components are degraded by lysosomal proteases and
recycled [1,2]. Autophagy is induced by nutrient depletion, the
immune response, endoplasmic reticulum stress, oxidative stress,
and during developmental processes such as morphogenesis, early
embryonic development, and neonatal starvation [3,4]. Target of
rapamycin (TOR), a serine/threonine kinase, is best known as a
protein that regulates autophagy. TOR is activated by nutrients and
growth factors and promotes the anabolic process and cell growth
by regulating translation, metabolism, and transcription. TOR is a
well-known negative regulator of autophagy. The activity of TOR
can be monitored by the phosphorylation status of p70S6 kinase.
Activated TOR induces the phosphorylation of S6K Thr398 inr Inc. This is an open access articleDrosophila [5e8]. During autophagy, the fusion of autophagic ves-
icles requires several types of vesicular trafﬁcking machinery such
as ESCRTs, SNAREs, and Rab proteins. Because they are deeply
involved in each step of the autophagy process, depletion of these
proteins leads to a malfunction of autophagy [9]. The Drosophila fat
body is a liver- and adipose-like tissue that stores fat and is a well-
established organ to study autophagy. Nutrient deprivation induces
autophagy to obtain energy from the sources in the fat body [10,11].
Kibra is an upstream regulator of the Hippo signaling pathway,
which controls organ size by affecting cell growth, proliferation,
and apoptosis. Kibra contains two N-terminal WW domains and
one C-terminal C2 domain. Kibra is mainly localized to the apical
membrane domain of epithelial cells with Merlin and Expanded,
and acts as a scaffold. Loss of Kibra causes cell polarity defects in the
Drosophila oocyte. Drosophila Kibra and the human homolog of
Kibra are 51% similar, and their domains are conserved [12e14]. In
mammals, Kibra is mostly expressed in the kidney and brain, and it
is known to regulate learning and memory, cell migration, and
membrane trafﬁcking [15e17]. Atypical PKC (aPKC) is well-known
as an apical cell polarity protein. It forms a complex with
Bazooka/Par3-Par6, and this complex localizes to the apical
domain. The function of this complex as a cell polarity regulator isunder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Kibra can bind to aPKC and can be phosphorylated [20]. Further-
more, Kibra and aPKC act together to regulatemembrane trafﬁcking
and cell polarity; Kibra directly inhibits aPKC kinase activity,
resulting in the suppression of apical exocytosis in mammalian
epithelial cells [17]. InDrosophila ovarian posterior follicle cells, loss
of Kibra leads to the accumulation of aPKC, which represents
perturbation of epithelial integrity [12]. Another study suggested
that Kibra interacts with aPKC to regulate the endocytic removal of
Crumbs from the plasma membrane in the Drosophila follicle cell
epithelium [21,22].
In this study, we report that knockdown of Kibra and constitu-
tive activation of aPKC lead to defects in starvation-induced auto-
phagy. The markers of autophagic vesicles, mCherry-Atg8a and
LysoTracker, were decreased under Kibra knockdown and aPKC-
activated conditions. Additionally, degradation of GFP-Ref(2)P, a
readout of autophagic degradation, was defective under Kibra
knockdown and aPKC-activated conditions. Using in vitro and ge-
netic interaction tests, we conﬁrmed that Kibra is associated with
aPKC and acts downstream of aPKC to regulate autophagy.Fig. 1. Knockdown of Kibra leads to defects in autophagy. The number of autophagic vesicle
defective in the Kibra-knockdown clone (marked by GFP). Unlike control cells, the Kibra-kn
Lysotracker punctae, a marker for autolysosomes, also tended to decrease in the Kibra-kn
calculating the number of GFP-Ref(2)P spots in the fat body. The number of GFP-Ref(2)P sp
degrade GFP-Ref(2)P in response to starvation (D). The number of mCherry-Atg8a, LysoTrack
B, n ¼ 4 for C, n ¼ 4e6 for D. Error bars mark SDs. ***, p < 0.001. TOR activity is defective in
that of the control following 2 h of starvation. After 4 h of starvation, while the phospho-S6
S6K level. The pS6K level was normalized to tubulin (H). Scale bars represent 10 mm.2. Materials and methods
2.1. Fly strains
All ﬂies were reared with standard cornmeal-yeast-agar me-
dium at 25 C. The following Drosophila melanogaster strains were
used: kibradel and UAS-Kibra (gifts from D. Pan, Johns Hopkins
University School of Medicine, Baltimore, MD, USA), UAS-aPKCDN
and UAS-aPKCcaax (gift from C.Q. Doe, University of Oregon, Eugene,
OR, USA), UAS-GFP-Ref(2)P (2009 Chang & Neufeld), KibraR-
NAi(31755), Act > CD2 > Gal4, R4-Gal4 (Bloomington Drosophila
Stock Center). Loss- and gain-of-function clones were generated in
the larval fat body using hsFLP/FRT-mediated mitotic recombina-
tion and hsFLP-dependent activation of Act > CD2 > Gal4, respec-
tively, as described (2009 Chang &Neufeld).
2.2. Cell culture and dsRNA treatment for immunoprecipitation
S2 cells were culturedwith Shield and SangM3medium (Sigma)
and 10% fetal bovine serum (Invitrogen, Carlsbad, CA, USA). Myc-s are decreased in Kibra-knockdown clone (AeB). Formation of autophagic vesicles was
ockdown clone showed decreased mCherry-Atg8a punctae after 4 h of starvation (A).
ockdown clone after 4 h of starvation (B). Autophagic degradation was measured by
ots was reduced under starvation by autophagy (C), but knockdown of Kibra failed to
er, and GFP-Ref(2)P spots presented in A-D was quantiﬁed. (EeG). n ¼ 8 for A, n ¼ 6 for
Kibra-knockdown larvae. Phospho-S6K was maintained at a relatively higher level than
K level was recovered in control larvae, Kibra knockdown maintained a high phospho-
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The Francis Crick Institute, London, UK) were transfected with
Effectene (Qiagen, Hilden, Germany) according to the manufac-
turer's protocol. For control dsRNA synthesis, we constructed a PCR
primer against Kibra. Templates for dsRNA were generated by
reverse transcription (RT)-PCR. Each primer contained a 50 T7 RNA
polymerase-binding site (TAA TAC GAC TCA CTA TAG G) for in vitro
transcription (IVT). The total RNAwas reverse transcribed using M-
MLV reverse transcriptase (Promega, Fitchburg, WI, USA). RT-PCR
was performed using the following primers: 50-GTG GGC GAA
AAG ATC AAT GCT CGG GAA-30, 50-GGT GGA CTT CAG GGC TTC TTG
CAG TTT-30. Total RNA was extracted using TRIzol (Invitrogen). The
total RNA was reverse transcribed using M-MLV reverse transcrip-
tase (Promega). After PCR, the reaction products were precipitated
using ethanol, resuspended in 30 ml of nuclease-freewater and then
used as a template. IVT was performed with 2 mg of PCR product.
dsRNA was conﬁrmed by agarose gel (1%) electrophoresis. Addi-
tionally, 2 mg of dsRNAwas added to 2 105 cells and incubated for
3 days at 25 C before analysis of the dsRNA effect.2.3. Immunoprecipitation and western blotting
For immunoprecipitation, cells were lysed in 200 ml of T300 lysisFig. 2. Constitutively active aPKC causes impairment in autophagy. The number of autophag
cells, aPKCCAAX-expressing cells (marked by GFP) had decreased mCherry-Atg8a punctae afte
number and small size of mCherry-Atg8a punctae. In addition, the expression of aPKCD
degradation (CeD) as measured by the number of GFP-Ref(2)P spots in the fat body. Despit
appeared to display a weak phenotype, but the difference was statistically signiﬁcant (C-D, F)
(E,F). n ¼ 8 for A, n ¼ 7 for B, n ¼ 4 for C, n ¼ 5 for D. Error bars mark SDs. ***, p < 0.001.buffer (50 mM TriseHCl, pH 7.5; 300 mM NaCl; 5 mM ethylene
diaminetetraacetic acid [EDTA], pH 8.0; 2.5 mM dithiothreitol
[DTT]; 0.5% NP-40; 10% [v/v] glycerol; 1 mM PMSF; protease in-
hibitors). The cleared lysate was incubated with protein A agarose
(Santa Cruz) and 1 mg anti-myc at 4 C overnight. After incubation,
the agarose resin was washed and boiled with sodium dodecyl
sulfate (SDS) sample buffer. For general western blotting, fat bodies
were lysed directly in SDS sample buffer. The following antibodies
were used: mouse anti-c-Myc 1:5000 (Invitrogen), rabbit anti-
phospho-T398-dS6K (1:500; Cell Signaling Technology, Danvers,
MA, USA), anti-PKCz C-20 (1:1000; Santa Cruz Biotechnology, Santa
Cruz, CA, USA), mouse anti-tubulin E7 (1:1000; Developmental
Studies Hybridoma Bank). For western blot detection, we used the
Amersham™ ECL Plus western blotting detection system (GE
Healthcare, Little Chalfont, UK) and developed the blots in an LAS-
3000 luminescent image analyzer (Fujiﬁlm, Tokyo, Japan).2.4. Histology and imaging
To induce starvation, ~20 larvae were transferred to fresh ﬂy
medium 24e48 h after hatching. Approximately 16e24 h later, the
larvae were placed in 20% sucrose solution for 4 h before dissection.
For LysoTracker staining, the larvae were rapidly dissected inic vesicles decreases in constitutively active aPKC-expressing cells (A,B). Unlike control
r 4 h of starvation (A). Another constitutively active aPKC, the aPKCDN clone, had a small
N reduced the cell size (B). Constitutively active aPKC caused defects in autophagic
e the nutrient restriction, GFP-Ref(2)P was not degraded. In this experiment, aPKCCAAX
. The number of mCherry-Atg8a and GFP-Ref(2)P spots presented in A-D was quantiﬁed
Scale bars represent 10 mm.
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Fig. 3. Kibra is a binding partner of aPKC in Drosophila S2 cells. The schematic diagram shows the structure of the human Kibra, Drosophila Kibra and aPKC. The conserved domains
are indicated. Kibra contains two N-terminal WW domains and one C-terminal C2-like domain, which are highly conserved. aPKC contains highly conserved catalytic and regulatory
domains. The regulatory domain resides in the N-terminal region and contains the PB1 (Phox and Bem1) domain and a pseudosubstrate domain. The catalytic domain consists of
the C3-ATP binding domain and C4-substrate binding domain (A). aPKC was coimmunoprecipitated with full-length Kibra (arrow) and C-terminal region of Kibra (858e1268 aa) in
S2 cells (lane 2 and 6). However, they did not interact under Kibra double-strand RNA treatment (lane 3). Myc-Kibra and Myc-tagged truncated forms of Kibra were transfected into
S2 cells, which were then lysed 3 days later. Immunoprecipitation (IP) was analyzed by western blotting using the indicated antibodies (B). The arrowhead indicates a non-speciﬁc
band.
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Tracker Red DND-99 (Molecular Probes) in PBS with 1 mg/ml 40,6-
diamidino-2-phenylindole (DAPI). Isolated fat bodies were trans-
ferred to PBS on a glass slide and photographed live using a Zeiss
Axioscope 2 ﬂuorescence microscope. To monitor ﬂuorescent pro-
teins, the larvae were bisected and inverted in PBS, ﬁxed overnight
at 4 C in 3.7% formaldehyde/PBS and washed in PBST (PBS with
0.1% Triton X-100). The collected fat bodies were mounted in Vec-
tashield with DAPI (Vector Laboratories, Burlingame, CA, USA).
Confocal images were captured on a Zeiss LSM 780 microscope.
Images were processed using Adobe Photoshop CS3.2.5. Statistical analysis
Autophagic vesicles were identiﬁed in confocal microscope
images as LysoTracker Red and mCherry-Atg8a puncta, and were
manually counted in Image J software. The puncta in GFP-positive
cells were compared with randomly chosen control cells. GFP-
Ref(2)P spots were analyzed using Image J. Images were loaded into
Image J, and the image type was changed from RGB Color to RGB
Stack. For analysis, a 100 100 mmareawas randomly selected, and
the threshold was adjusted to select dots. Each area was analyzed
(Analyze Particles, Show, Outlines) and the count and size noted
from the summary. At least 4e10 animals were evaluated for each
genotype. Data were analyzed in GraphPad Prism. After testing for
normality of the data distribution, p values were calculated withtwo tailed, unparied t test or the ManneWhitney test for pairwise
comparison of normal or non-normal distribution data, respec-
tively. We used the nonparametric KruskaleWallis test for multiple
comparisons of non-normal distribution data [23e25].3. Results
3.1. Kibra is required for starvation-induced autophagy
To identify genes that regulate autophagy, we screened a
Drosophila RNAi library in S2 cells. The candidates of primary
screening were tested in vivo using Drosophila TRiP lines to
generate knockdown clones in the larval fat body. This analysis
identiﬁed a speciﬁc requirement for Kibra in autophagy induction.
Usually, starvation rapidly induces autophagy, but Kibra knock-
down cells failed to induce autophagy. Atg8, a ubiquitin-like pro-
tein localized at the inner and outer membrane of autophagosomes,
is involved in the entire autophagic pathway from the early auto-
phagosome to the autolysosome, and is widely used to monitor
autophagy through ﬂuorescence microscopy [11]. During starva-
tion, mCherry-tagged Atg8a formed punctate structures in
control(GFP-negative) cells, indicating autophagic vesicles (Fig. 1A
and E). However, the number of mCherry-Atg8a spots was signiﬁ-
cantly decreased in Kibra knockdown cells marked by GFP (Fig. 1A
and E). To monitor autolysosomes, we used the acidophilic dye
LysoTracker, which stains acidic compartments. In fat body cells,
Fig. 4. Kibra acts downstream of aPKC during starvation-induced autophagy. Kibra
overexpression (marked by GFP) does not change the number of mCherry-Atg8a spots
(A). Autophagic defects in constitutively active aPKC-expressing cells are rescued by
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fed condition. During starvation-induced autophagy, lysosomes are
enlarged and form punctate structures marked by LysoTracker. The
number of LysoTracker spots also signiﬁcantly decreased in Kibra
knockdown cells (Fig. 1B and F). Kibra knockout cells showed a
similar phenotype to that of Kibra knockdown cells. The number of
mCherry-Atg8a and LysoTracker spots decreased in cells homozy-
ogous for the kibradel null allele (unpublished data).
Autophagic degradation can be measured by the levels of Ref(2)
P, the Drosophila homolog of p62, which is known as a selective
autophagy target. In many cases, impaired Atg genes or inhibition
of lysosomal function causes the accumulation of p62 [4,11]. We
analyzed the degradation of GFP-Ref(2)P by counting spot
numbers. Transgenic GFP-Ref(2)P was reduced during starvation
by autophagy in the control (Fig. 1C and G), but Kibra knockdown
led to a statistically insigniﬁcant decrease in GFP-Ref(2)P spots
(Fig. 1D and G).
We also examined TOR activity in extracts from Kibra-depleted
fat body. TOR signaling regulates cellular energy homeostasis and
autophagy. Nutrient starvation induces autophagy through the TOR
pathway [6,8]. In controls, TOR-dependent phosphorylation of S6K
Thr398 was decreased with 2 h of starvation, but was restored
following prolonged starvation in the larval fat body (Fig. 1H). On
the other hand, in Kibra knockdown larvae, the phosphorylation of
S6K was maintained at a relatively high level, and we could not
observe the recovery of S6K phosphorylation (Fig. 1H). Based on
this result, we conclude that TOR activity is not sufﬁciently low to
induce autophagy under starvation conditions in Kibra knockdown
cells, and thus the formation of autophagic vesicles and autophagic
degradation is impaired.3.2. Constitutively active aPKC-expressing clones display a
phenotype similar to that of Kibra knockdown clones
In mammals, Kibra is known as a binding partner and a sub-
strate of aPKC, a well-known apical cell polarity protein [20]. In
Drosophila larvae, aPKC-null mutants have impaired polarity in
neuroblasts and epithelia [19]. Recent studies have suggested that
Kibra and aPKC are potential regulators of membrane trafﬁcking
and cell polarity [17,21,22]. According to these studies, we hy-
pothesized that aPKC is a partner of Kibra during the regulation of
autophagy. To conﬁrm this assumption, we examined the auto-
phagic phenotypes of aPKC following a similar procedure to that
used for Kibra. When we expressed aPKCCAAX, a membrane-
targeted and constitutively active form of aPKC, the number of
mCherry-Atg8a spots decreased (Fig. 2A and E). Expression of
another constitutively active aPKC, aPKCDN, which lacks its N-ter-
minal regulatory domain, also reduced the number of mCherry-
Atg8a spots (Fig. 2B and E). On the other hand, wild-type aPKC-
overexpressing cells did not show a signiﬁcant change in mCherry-
Atg8a spots (unpublished data). Furthermore, starvation-induced
GFP-Ref(2)P degradation was impaired in the constitutively active
aPKC-expressing fat body (Fig. 2C, D and F), indicating that the
activity of aPKC affects autophagic degradation. In both assays,
aPKCDN had stronger effects than aPKCCAAX, suggesting that thecoexpression of Kibra (BeC). Coexpression of Kibra and aPKCCAAX increased the
number of mCherry-Atg8a spots compared with the number in cells expressing
aPKCCAAX alone (B). Kibra rescues aPKCDN. Kibra increased the number of autophagic
vesicles to nearly control levels (C). Coexpression of Kibra RNAi and aPKCCAAX displays
the phenotype of Kibra RNAi. There was a marked decrease in the number of mCherry-
Atg8a spots in aPKCCAAX, KibraRNAi coexpressing clones, and they did not have any
additive effect (D). The number of mCherry-Atg8a spots presented in A-D was quan-
tiﬁed (E). n ¼ 7 for A, n ¼ 5 for B, n ¼ 10 for C, D. Error bars mark SDs. ***, p < 0.001.
Scale bars represent 10 mm.
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the autophagy process. With these results, we propose that active
aPKC negatively regulates autophagy, and that Kibra and aPKC act
antagonistically to regulate autophagy.
3.3. Kibra binds aPKC in Drosophila S2 cells
Kibra contains two N-terminal WW domains and one C-termi-
nal C2-like domain. The WW domains of Kibra interact with com-
ponents of the Hippo pathway and other proteins [22]. Most
proteins containing C2 domains function in signal transduction or
membrane trafﬁcking [26]. The aPKC binding region is highly
conserved from Drosophila to humans and includes a sequence
similar to the pseudosubstrate of aPKC (Fig. 3A).
aPKC is an isoform of PKC that contains a highly conserved C-
terminal catalytic domain and a N-terminal regulatory domain [27].
In our experiment, aPKCCAAX was targeted to the cell membrane by
the addition of the CAAX sequence to the C terminus, and aPKCDN is
the N-terminal regulatory domain removed form (Fig. 3A).
To determine whether Kibra interacts with aPKC, we performed
coimmunoprecipitation in S2 cells. We transfectedmyc-tagged full-
length Kibra, the WW domain-containing region (1e483 aa), the
C2-like domain-containing region (484e857 aa), and C-terminal
region of Kibra (858e1268 aa) into S2 cell. In our experiment, we
found that myc-tagged Kibra and endogenous aPKC coimmuno-
precipitated, and they did not interact with each other under Kibra
double-strand RNA treatment. While many Kibra-interacting pro-
teins bind to the WW domain, aPKC binds to the C-terminal region
of Kibra, as expected (Fig. 3B). We conclude that the physical
interaction between Kibra and aPKC is conserved between humans
and ﬂies.
3.4. Kibra affects starvation-induced autophagy in downstream of
aPKC
The effect of Kibra varies in different tissue types. Loss of Kibra
leads to accumulation of aPKC in the Drosophila posterior follicle
cells [12]. After conﬁrming that aPKC binds to Kibra in vitro, we
examined the genetic interaction between Kibra and aPKC in
regulating autophagy in the larval fat body. We conﬁrmed that the
expression of constitutively active aPKC decreases the number of
autophagic vesicles during starvation (Fig. 2A, B and E). While
knockdown of Kibra reduced the number of autophagic vesicles,
overexpression of Kibra did not change the autophagy phenotype
(Fig. 4A). Whenwe coexpressed Kibra and aPKCCAAX in the larval fat
body, Kibra overexpression rescued the aPKCCAAX phenotype.
Coexpression of these proteins increased the number of mCherry-
Atg8a spots comparable to control levels (Fig. 4B and E). We also
coexpressed Kibra and aPKCDN. Although Kibra was less effective in
rescuing aPKCDN compared to aPKCCAAX, it increased the number of
autophagic vesicles to nearly control levels. Thus, although Kibra
overexpression could not induce autophagy by itself, it was
adequate to rescue impaired autophagy in combination with
expression of constitutively active aPKC. Interestingly, there was a
difference in the localization of the Atg8a spots in Kibra and aPKCDN
coexpressing cells. mCherry-Atg8a was distributed throughout the
cytosol in normal cells but localized near the membrane in Kibra
and aPKCDN coexpressing cells (Fig. 4C). This might represent
incomplete rescue of Kibra in aPKCDN expression.
We next tested the effect of Kibra knockdown on constitutively
active aPKC ﬂies. Kibra knockdown strongly decreased the number
of mCherry-Atg8a spots, whereas the effect of aPKCCAAX expression
is relatively weaker. Coexpression of these proteins resulted in a
phenotype similar to Kibra knockdown, and did not have an addi-
tive effect on regulating mCherry-Atg8a spots (Fig. 4D and E).Together with the rescue experiments, these results indicate that
Kibra and aPKC act antagonistically to each other, and that Kibra
regulates autophagy downstream of aPKC.
4. Discussion
Kibra is as a well-known upstream component of the Hippo
pathway, and it is evolutionarily conserved; however, not much is
known about the function of Kibra. We identiﬁed Kibra as a novel
autophagy-regulating gene in our RNAi screen. The Hippo pathway
was also examined to conﬁrm its interaction with the autophagy
pathway, but half of the components did not affect autophagy in the
fat body (unpublished data). Among the many interacting partners
of Kibra, we focused on aPKC. aPKC is a regulator of apical cell
polarity, and its function is also conserved. The role of PKCs in the
regulation of autophagy has not beenwell studied. Several isotypes
of PKC, such as PKCd, -ε, and eq, were recently found to regulate
autophagy [27], but the role of aPKC in autophagy remains largely
unknown.
In this study, we identiﬁed a novel function of Kibra and aPKC as
autophagy regulators in the Drosophila fat body. We found that the
number of autophagic vesicles decreased and autophagic degra-
dation was impaired in Kibra knockdown ﬂies. Through the phos-
phorylation status of S6K, we considered that TOR is not regulated
properly in response to starvation, leading to defects of autophagy
in the absence of Kibra. Constitutive activation of aPKC mimic the
effects of Kibra depletion. aPKC interacts with Kibra and acts
antagonistically to regulate autophagy. It is known that aPKC binds
p62 and regulates cell survival in mammals [28]. When we per-
formed immunostaining using the aPKC antibody to examine the
colocalization of aPKC and GFP-Ref(2)P in the larval fat body, aPKC
did not form a spot-like structure that colocalized with GFP-Ref(2)P
(unpublished data).
Autophagy is a degradation system mediated by lysosomes.
Vesicle formation, trafﬁcking, and fusion are important events in
this process. In this study, we found several clues indicating that
Kibra and aPKC are involved in autophagy regulation in the
Drosophila fat body, but details of the mechanism remain unclear.
There are well-known cell polarity genes, and cell polarity is closely
related to vesicular trafﬁcking and membrane organization [29].
Recent mammalian studies have suggested that Kibra plays an
important role in regulating vesicle trafﬁcking, and that aPKC is
involved. Kibra and aPKC mediate cell migration, secretion, recep-
tor recycling, and trafﬁcking to the cell surface [22,30e32]. In this
context, we propose that Kibra and aPKC are new autophagy reg-
ulators that control vesicle trafﬁcking; hence, changes in their
levels might affect the function of autophagic vesicles.
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